Obesity is a major factor central to the development of insulin resistance and type 2 diabetes. The identification and characterization of genes involved in regulation of adiposity, insulin sensitivity, and glucose uptake are key to the design and development of new drug therapies for this disease. In this study, we show that the polarity kinase Par-1b/MARK2 is required for regulating glucose metabolism in vivo. Mice null for Par-1b were lean, insulin hypersensitive, resistant to high-fat diet-induced weight gain, and hypermetabolic. 18 F-FDG microPET and hyperinsulinemic-euglycemic clamp analyses demonstrated increased glucose uptake into white and brown adipose tissue, but not into skeletal muscle of Par-1b null mice relative to wild-type controls. Taken together, these data indicate that Par-1b is a regulator of glucose metabolism and adiposity in the whole animal and may be a valuable drug target for the treatment of both type 2 diabetes and obesity.
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glucose ͉ obesity ͉ EMK T he Par-1b/MARK2/Emk gene product is implicated in the regulation of a number of cellular processes, including the generation and/or maintenance of cell polarity. Originally identified in Caenorhabdhitis elegans as a critical player in early embryonic polarity, Par-1 has since been shown to regulate cell polarity in yeast, Drosophila, Xenopus, and several mammalian cell types (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . Par-1 is a regulator of microtubule stability, the Wnt signaling pathway and also plays a role in vesicular trafficking (2, 8, 12, (14) (15) (16) (17) (18) (19) . Two critical regulators of Par-1, LKB1 (Par-4) and atypical PKC/ (aPKC), have been identified in multiple systems. LKB1 catalyzes phosphorylation of an activation loop Thr residue in the kinase domain of the Par-1, whereas aPKC phosphorylates a conserved Thr residue in the ''spacer'' domain of the Par-1 kinases (20) (21) (22) . In contrast to the activating phosphorylation catalyzed by LKB1, aPKC negatively regulates localization and activity of Par-1 (22) (23) (24) (25) .
In mammals, four Par-1 family members exist (Par-1b/MARK2/ Emk, Par-1a/C-TAK1/MARK3, PAR-1c/MARK1, and Par-1d/ MARK4/MARKL1), each encoded by distinct genes and each expressed selectively in multiple tissues (26) (27) (28) (29) . Two studies have been published on the generation and characterization of mice null for one of these genes, Par-1b/MARK2/Emk (30, 31) . Bessone et al. (30) characterized defects in growth and fertility, whereas we previously reported a role for Par-1b in immune system homeostasis (31) . Here, we demonstrate that Par-1b null mice display a number of striking metabolic disorders. These include reduced adiposity, hypoinsulinemia, insulin hypersensitivity, resistance to high-fat diet-induced weight gain, and increased glucose uptake into white (WAT) and brown (BAT) adipose tissue. These findings elucidate a role for Par-1b in the regulation of both glucose homeostasis and energy balance and suggest that this kinase may be a useful target for the treatment of type 2 diabetes and obesity. Generation of Par-1b kinase null mice (Par-1b Ϫ/Ϫ ) has been described previously (31) . Par-1b Ϫ/Ϫ mice (males and females) weighed Ϸ20% less than their wild-type littermates during both embryonic (118 Ϯ 12 mg vs. 150 Ϯ 16 mg, 13.5 days post coitus, P Ͻ 0.005) and postnatal growth ( Fig. 1 A-C) . Par-1b heterozygotes (Par-1b ϩ/Ϫ ) also displayed statistically significant reductions in body weight at 1 year of age. Nose to anus length at 1 year of age was significantly reduced (Ϸ8%) in null males (9.35 cm Ϯ 0.57 Par1b Ϫ/Ϫ vs. 10.10 cm Ϯ 0.42 Par-1b ϩ/ϩ , P ϭ 0.04) and females (9.08 cm Ϯ 0.35 Par-1b Ϫ/Ϫ vs. 9.75 cm Ϯ 0.32 Par-1b ϩ/ϩ , P ϭ 0.01). Par-1b Ϫ/Ϫ mice have been reported to have reduced serum levels of IGF-1 (30) . Because both pre-and postnatal growth retardation can result from IGF-1 deficiencies, we assayed levels of IGF-1 in Par-1b null and wild-type mice. An Ϸ25% reduction in IGF-1 levels was measured in Par-1b null mice relative to wild-type littermates at 7 weeks of age (535.5 ng/ml Par-1b Ϫ/Ϫ vs. 682.0 ng/ml Par-1b ϩ/ϩ , P ϭ 0.015). Postnatally, IGF-1 transcription is driven primarily by growth hormone. Therefore, we quantitated serum growth hormone levels at 7 weeks of age (n ϭ 10 mice per genotype) and found no significant differences in single time point measurements (93.5 Ϯ 117 ng/ml Par-1b Ϫ/Ϫ vs. 56.2 Ϯ 111 ng/ml Par-1b ϩ/ϩ , P ϭ 0.464). These data must be considered with the caveat that growth hormone is released in a pulsatile manner and that single time point measurements may not be an accurate readout of daily average growth hormone levels.
As reported (30) , measurements of organ weight in Par-1b Ϫ/Ϫ mice indicated that decreased organ weights were consistent with decreases in body mass (data not shown). However, proton magnetic resonance spectroscopy ( 1 H-MRS) and dissection of adipose tissue showed that Par-1b null mice had disproportionate decreases in fat mass relative to wild-type mice (2.47 g in Par-1b Ϫ/Ϫ vs. 6.85 g Par-1b ϩ/ϩ epididymal fat pads, P Ͻ 0.0001) at 12 weeks of age (Fig.  1D) . Similarly, quantitation of BAT from intrascapular depots indicated 0.17 Ϯ 0.05 g in Par-1b Ϫ/Ϫ mice vs. 0.44 Ϯ 0.14 g in Par-1b ϩ/ϩ mice, n ϭ 10 mice per genotype, P Ͻ 0.0001. The decrease in fat mass corresponded to Ϸ14% body fat in Par-1b Ϫ/Ϫ mice vs. Ϸ23% body fat in wild-type littermates (P Ͻ 0.0001) (Fig.  1E ). Histological analysis of adipose tissue indicated that adipocyte size (WAT and BAT) was comparable in Par-1b null and wild-type mice (Fig. 1F) . Adipocyte counts from multiple independent samples of WAT indicated no differences in adipocyte numbers per field of view from Par-1b wild-type and null WAT (72.4 Ϯ 3.7 adipocytes Par-1b ϩ/ϩ vs. 72.2 Ϯ 2.2 Par-1b Ϫ/Ϫ , n ϭ 5 and 9, respectively, P ϭ 0.96). Thus, the observed decrease in adiposity of Par-1b Ϫ/Ϫ mice was due to decreases in total adipocyte cell number, not cell size.
Par-1b Null Mice Are Resistant to Diet-Induced Obesity and Are
Hypermetabolic. Based on the finding that Par-1b null mice are disproportionately lean, we sought to determine whether Par-1b Ϫ/Ϫ mice are resistant to weight gain when fed a high-fat diet. Par-1b null and wild-type mice were placed on a high-fat diet (42% fat by caloric content) for 16 weeks and monitored for body weight changes and food intake. Par-1b Ϫ/Ϫ male mice were resistant to weight gain relative to wild-type controls (21.37g Par-1b Ϫ/Ϫ vs. 38.25g Par-1b ϩ/ϩ at 20 weeks, P ϭ 0.005, Fig. 2A ). Female Par-1b null mice did not exhibit resistance to high-fat diet-induced weight gain (data not shown), although female Par-1b Ϫ/Ϫ mice, like Par-1b Ϫ/Ϫ males, were lean on a regular chow diet (data not shown). Serum levels of insulin, leptin, adiponectin, free fatty acids, triglycerides, and cholesterol were measured to elucidate potential mechanisms by which Par-1b Ϫ/Ϫ mice were resistant to high-fat diet induced weight gain (Table 1) . Leptin, an adipocyte-secreted hormone, is known to reduce feeding responses and increase insulin responsiveness and energy expenditure (32) . Par-1b-null mice exhibited 5-fold lower levels of leptin relative to wild-type mice after high-fat diet feeding (6.94 ng/ml Par-1b Ϫ/Ϫ vs. 34.75 ng/ml Par1b ϩ/ϩ , P ϭ 0.012). This reduction in leptin levels was consistent with reduced adiposity in Par-1b null mice. A 5-fold reduction in serum insulin levels (0.75 ng/ml Par-1b Ϫ/Ϫ vs. 3.80 ng/ml Par-1b ϩ/ϩ , P ϭ 0.057) was observed, whereas triglyceride (76.50 mg/dl Par-1b Ϫ/Ϫ vs. 117.80 mg/dl Par-1b ϩ/ϩ , P ϭ 0.057) and cholesterol (141.6 mg/dl Par-1b Ϫ/Ϫ vs. 206.6 mg/dl Par-1b ϩ/ϩ , P ϭ 0.019) levels were also lower in Par-1b Ϫ/Ϫ mice. Levels of adiponectin, unlike leptin, were not statistically different in Par-1b null mice, although there was a trend toward lower levels of adiponectin in Par-1b null mice (12.89 g/ml Par-1b Ϫ/Ϫ vs. 17.38 g/ml Par-1b ϩ/ϩ , P ϭ 0.477). Histological analysis of aged mice (6-month-old males, normal chow diet) also indicated that Par-1b Ϫ/Ϫ mice were resistant to the onset of hepatic steatosis observed in wild-type littermates [supporting information (SI) Fig. 5 ]. This lack of hepatic fat accumulation in Par-1b Ϫ/Ϫ mice was consistent with their resistance to high-fat diet-induced obesity and reduction in white and brown fat depots. ) All values are presented as the averages Ϯ standard error. Student's t test was performed for comparisons between groups. P value designations are as follows: ****, P Ͻ 0.05; ***, P Ͻ 0.01; **, P Ͻ 0.005; *, P Ͻ 0.001.
Decreased adiposity and resistance to weight gain suggested that Par-1b Ϫ/Ϫ mice might exhibit alterations in metabolic rate and energy expenditure. We measured total daily energy expenditure (EE), total metabolic rate (MR), and respiratory quotients (RQ) of male mice fed a high-fat diet. Par-1b Ϫ/Ϫ mice exhibited higher MR (7% increase), daily EE (27% increase), and food intake (2-fold increase) than wild-type littermates (Fig. 2 B-E) . The respiratory quotient (RQ ϭ VCO2/VO2) was similar in wild-type and Par-1b null mice, suggesting that although null mice were hypermetabolic, they used similar ratios of carbohydrate and fats as food energy (Fig.  2E) . Par-1b Ϫ/Ϫ mice were not significantly more or less active than wild-type mice (89.5 Ϯ 30.0 Par-1b ϩ/ϩ vs. 83.5 Ϯ 20.7 Par-1b Ϫ/Ϫ activity counts). Body temperatures of Par-1b Ϫ/Ϫ mice were slightly higher than wild-type littermates, although this difference was not statistically significant (96.4°C Par-1b ϩ/ϩ vs. 96.9°C Par-1b Ϫ/Ϫ , P ϭ 0.13, n ϭ 10 mice per genotype).
Enhanced Insulin Sensitivity and Glucose Uptake in Adipose Tissue in
Par-1b ؊/؊ Mice. Because Par-1b null mice were lean, hypermetabolic, and had reduced serum insulin levels when fed a high-fat diet, we hypothesized that these mice might have enhanced sensitivity to insulin. Consistent with measurements made in mice fed a high-fat diet (Table 1) , serum insulin levels were significantly lower in Par-1b null mice relative to their wild-type littermates under both fed and fasting conditions on a standard chow diet (Fig. 3A) . Despite being hypoinsulinemic, Par-1b Ϫ/Ϫ mice were normo-glycemic under fasting conditions and mildly hypoglycemic under fed conditions (Fig.  3B) . Insulin tolerance tests revealed that Par-1b null mice were indeed more sensitive to insulin than their wild-type littermates (Fig. 3C) . Par-1b null mice also exhibited enhanced glucose tolerance as assessed by glucose tolerance tests (Fig. 3D) , indicating that pancreatic ␤ cell function was more than sufficient to cope with an exogenously supplied glucose bolus. To further analyze insulin sensitivity in Par-1b null mice, hyperinsulinemic-euglycemic clamp studies were performed as described (33) . The glucose infusion rate necessary to maintain euglycemia in the presence of a constant infusion of insulin (2.5 milliunits/kg/min) was 35% higher (P ϭ 0.0284) in Par-1b null mice when compared with wild-type litter- mates (Table 2) . Accordingly, the insulin-stimulated whole-body glucose turnover was increased in Par-1b null mice relative to wild-type mice (P ϭ 0.0364). These experiments confirmed the ITT analyses (Fig. 3C) , indicating that Par-1b null mice exhibited enhanced peripheral insulin sensitivity. Basal and clamp hepatic glucose production were not significantly different in Par-1b null mice. Because insulin clamp resulted in a complete suppression of hepatic glucose production in both groups of mice, we cannot exclude the possible effects of a lower-dose insulin clamp on hepatic glucose production in Par-1b null mice.
To identify the tissue(s) responsible for the observed increase in insulin sensitivity, we quantified glucose uptake into insulinresponsive tissues during hyperinsulinemic-euglycemic clamp experiments. Insulin-stimulated glucose uptake in epididymal WAT was increased Ϸ4-fold (66 Ϯ 21 nmol/g/min Par-1b Ϫ/Ϫ vs. 17 Ϯ 2 nmol/g/min Par-1b ϩ/ϩ , P ϭ 0.0312) (SI Fig. 6A ). A trend toward increased brown fat uptake was also observed (SI Fig. 6B ). In contrast, insulin-stimulated glucose uptake in skeletal muscle (gastrocnemius) was not significantly different between Par-1b null and wild-type mice (SI Fig. 6C) .
Use of the hyperinsulinemic-euglycemic clamp approach to determine 2-14 C-deoxyglucose uptake indicated a dramatic increase in WAT uptake of Par-1b null mice relative to wild-type mice, but only a trend toward increased uptake in BAT. Because the level of glucose uptake in BAT in all mice tested was high relative to both WAT and skeletal muscle during clamp experiments, we reasoned that small increases in BAT uptake in the Par-1b null mice might make a significant contribution to insulin sensitivity. Consequently, we assessed BAT uptake in male mice using an alternative method to either confirm or refute the trend toward increased glucose uptake in BAT of Par-1b null mice during clamp experiments. As seen in Fig. 4 , 18 F-fluorodeoxyglucose ( 18 F-FDG) microPET analyses revealed remarkably enhanced uptake in the intrascapular BAT of Par-1b null mice relative to wild-type mice.
Quantitation of glucose uptake into Par-1b null BAT indicated a statistically significant 2-fold increase relative to wild-type mice in both fasting and nonfasting conditions (ANOVA, P Ͻ Ͻ 0.0001) (SI Fig. 7 ). This enhancement of glucose uptake into BAT of Par-1b null mice provided additional evidence that adipose tissue plays a significant role in altered glucose metabolism in these mice. In addition, differences observed with microPET imaging were seen in the absence of acute insulin challenge, indicating that there is a constitutive increase in glucose uptake in BAT from Par1b null mice. WAT could not be analyzed by noninvasive microPET imaging especially in the lean Par-1b null mice and thus, WAT was not included in these analyses. There was a statistically significant increase in glucose uptake in skeletal muscle in Par-1b null mice overall by ANOVA (P ϭ 0.01). However, consistent with hyperinsulinemic-euglycemic clamp experiments, this did not reach statistical significance within individual conditions both in the absence and presence of acute insulin challenge (P Ն 0.1). In contrast, both brain and heart tissue of Par-1b null mice showed overall reduced basal glucose uptake by microPET (ANOVA, P ϭ 0.03 and 0.005, respectively). In brain, this was independent of insulin challenge or fasting. In fasted heart, glucose uptake was lower in both wild-type and Par-1b null mice compared with nonfasted heart, consistent with myocardial conversion to fatty acid metabolism. Par-1b null heart tissue appeared nonresponsive to insulin and thus, lower glucose uptake by Par-1b null heart tissue relative to control was accentuated by acute insulin challenge, reaching statistical significance (P ϭ 0.05). Insulin treatment in either fasted or fed mice was predicted to result in increased SUV by microPET in BAT and skeletal/cardiac muscle because comparable insulin doses during tolerance tests indicate significant (albeit submaximal) glucose clearance from the blood. Dramatically increased 18 F-FDG accumulation in response to insulin is not seen in any of these tissues, although nonfasted, insulin-treated skeletal muscle of both wild-type and knockout mice do indicate increased glucose uptake compared with saline injected mice. It is possible that the high basal rate of glucose uptake in BAT far exceeds an insulin-induced effect in this tissue. It is also possible that the 0.5 unit/kg dose of insulin is not sufficiently high to record significant changes in uptake by microPET. Manipulation of insulin dosing may provide better comparisons of insulin vs. saline conditions.
Analysis of Protein Expression and Insulin Signaling in Par-1b Null
Adipocytes. Next, we assessed Par-1b expression in insulin-sensitive tissues using a ␤-galactosidase reporter driven by the endogenous Par-1b promoter (SI Fig. 8 ) and Western blot analysis (data not shown). Par-1b is highly expressed in BAT, WAT, and liver, with no significant expression in skeletal muscle. Based on this expression pattern, it is plausible that Par-1b regulates glucose uptake via an adipocyte-autonomous mechanism. We monitored the expression of several metabolic regulators from adipose tissues of Par-1b
and Par-1b ϩ/ϩ mice. Consistent differences in UCP1, UCP2, Mice were fed a standard chow diet (4.5% fat). Twenty-week-old male mice were subjected to clamp as described (33) . Values are stated as mean Ϯ SEM. Sample number (n) and P values from a Student's t test are indicated (asterisk indicates significance). PPAR␥ or GLUT4 protein levels in BAT (SI Fig. 9 ) and WAT (data not shown) were not observed. GLUT1 levels appeared to be slightly higher in Par-1b null mice relative to wild-type (SI Fig. 9 ). We also evaluated the insulin signaling pathway in Par-1b Ϫ/Ϫ mice by injecting wild-type and null mice i.p. with 0.4 unit/kg insulin (SI Fig. 10 ). We did not detect increased IRS-1 tyrosine phosphorylation, IRS-1 associated PI-3 kinase, AKT activation, or GSK-3 activation, suggesting that the proximal insulin signaling pathway was largely unaffected by Par-1b deficiency (SI Fig. 10 and data not shown). Because Par-1b is a member of the AMP activated kinase (AMPK) subfamily, we also monitored phospho-AMPK and phospho-acetyl CoA carboxylase levels, neither or which were altered in the absence of Par-1b (SI Fig. 9 and data not shown).
Discussion
In this study we show that the Ser/Thr protein kinase Par-1b/ MARK2/Emk is a novel regulator of adiposity, insulin sensitivity, and glucose metabolism. Par-1b Ϫ/Ϫ mice are growth retarded during embryogenesis (13.5 days postcoitus onward) and after birth. Postnatally, Par-1b null mice exhibit global reduction in organ size of Ϸ20%, with the exception of BAT and WAT (40% reduction relative to wild-type at 10 weeks of age). These decreases in organ mass and adiposity are concomitant with 25% reductions in serum IGF-1 levels. IGF-1 signaling is critical for embryonic and postnatal growth (34, 35) . Mouse models of an IGF-1 receptor hypomorph and liver specific deletion of IGF-1 also exhibit global growth retardation with disproportionate decreases in adipose tissue (36, 37) . IGF-1 signaling has also been shown to be important for the proliferation and differentiation of adipocytes in vitro (38) . Taken together our data suggest that Par-1b is essential for IGF-1-mediated growth and may lead to decreased adiposity due to deficits in IGF-1-driven adipogenesis. In contrast to Par-1b Ϫ/Ϫ mice, both humans and mice deficient in IGF-1/IGF-1R signaling exhibit insulin resistance. Consequently, it is difficult to explain insulin hypersensitivity in Par-1b Ϫ/Ϫ mice based solely on IGF-1 deficiency. Growth hormone receptor (GHR Ϫ/Ϫ ) deficient mice, like Par-1b nulls, exhibit increased insulin sensitivity and growth retardation. However, unlike Par-1b null mice, GHR Ϫ/Ϫ mice also display increased adiposity with age, susceptibility to diet-induced obesity, reduced body temperatures and normal embryonic growth (39) (40) (41) . These data suggest that the Par-1b Ϫ/Ϫ metabolic phenotypes described here are not likely to be solely a result of GHmediated effects.
Resistance to weight gain on a high-fat diet and hyperphagy concomitant with increased glucose uptake into WAT and BAT are indicative of a metabolic uncoupling defect. Although we do not detect changes in the protein levels of UCP1, UCP2, or PPAR␥, the activities of these and/or other proteins critical for normal metabolic function may be altered in Par-1b Ϫ/Ϫ mice. Average body temperatures of Par-1b Ϫ/Ϫ mice are slightly elevated, suggesting that increased energy consumption is most likely dissipated via increased heat generation. Although a physiologically normal increase in BAT-mediated thermogenesis (due to smaller body size and reduced adiposity) might lead to enhanced glucose uptake in BAT, this appears not to be the case because Par-1b Ϫ/Ϫ mice do not exhibit reduced body temperatures. Recent studies have shown that perturbations in ␤-adrenergic activity and subsequent BATmediated thermogenesis can regulate diet induced obesity and insulin sensitivity in the mouse (42, 43) . These studies suggest that a direct effect of Par-1b on ␤-adrenergic activity and/or BATmediated thermogenesis could explain several of the phenotypes described here.
We did not detect significant increases in IRS-1, AKT or GSK3 phosphorylation in insulin-treated Par-1b Ϫ/Ϫ adipose tissue, indicating that increased glucose uptake into adipose tissue is not due to proximal insulin signaling enhancement. FDG-microPET imaging of Par-1b Ϫ/Ϫ mice indicates that enhanced glucose uptake in BAT can be observed after fasting, in the absence of an acute insulin challenge. This finding suggests an insulin independent effect in BAT-mediated glucose uptake. It is possible that Par-1b acts downstream of the activation of AKT in glucose transport. Interestingly, the yeast homologues of Par-1b, Kin1, and Kin2, have been shown to play a role in vesicular trafficking via interaction with the exocyst complex and it has been suggested that mammalian Par-1b interacts with syntaxin-4 (2). The exocyst and syntaxin-4 have been implicated in GLUT4 transport (44) (45) (46) (47) (48) (49) . In addition, Par-3/ASIP, which is a direct downstream target of Par-1b, has been shown by using overexpression studies to inhibit glucose uptake in 3T3L1 adipocytes (50) . Both LKB1 and atypical PKC, two upstream regulators of Par-1, have also been shown to play a role in regulation of glucose metabolism (20, 52, 53) . AMPK and Par-1b, which share significant homology within their kinase domains, are part of a larger subfamily of kinases that includes 13 members, most of which appear to be regulated at least in part by LKB1. Indeed, as our data suggests for Par-1b, AMPK regulates glucose uptake by a phospatidylinositol 3-kinase independent mechanism (54). Par-1b and AMPK also share a nearly identical phosphorylation consensus sequence as determined by peptide library screening (Reuben Shaw, Ben Turk, and L.C.C., unpublished data). Arguing against a role for Par-1b in GLUT4 mediated transport is a recent RNAi screen performed in 3T3L1 adipocytes (51) . This study indicates that knockdown of either Par-1b/MARK2 or C-TAK1/MARK3 had no significant effect on 2-deoxyglucose uptake in either the basal state or in response to insulin. Assuming that the efficacy of RNAi knockdown of these two proteins was sufficient to block their function, these data argue that Par-1b has no direct role in GLUT4-mediated glucose uptake and argues against an adipocyteautonomous function for Par-1b in glucose uptake. Conclusive determination of the mechanism(s) by which Par-1b regulates glucose uptake will await further analyses, particularly tissuespecific deletion of Par-1b.
The finding that Par-1b regulates glucose metabolism and adiposity presents the exciting possibility that Par-1b kinase inhibitors might be used to improve insulin sensitivity and/or ameliorate obesity. Par-1b should be amenable to targeting by small molecules and inhibition of the kinase might be predicted to improve several symptoms associated with type 2 diabetes.
Materials and Methods
Further Details. For further details, see SI Text.
Animal Procedures. All animal procedures were approved by the Washington University School of Medicine Animal Studies Committee. The generation of Par-1b null mice has been described (31) . Heterozygous Par-1b mice of the strain background C57BL/6;129 ϫ 1SvJ were interbred to generate the mice used in this study. Mice encoding ␤-galactosidase in the Par-1b gene were kindly provided by M. Darmon (30) . Unless otherwise noted, mice were fed a standard chow diet (Purina Mills, St. Louis, MO, Lab Diet 5053 containing 4.5% fat, 55% carbohydrate, 20% protein, 4.7% fiber).
High-Fat Diet Studies. At 4 weeks of age, Par-1b KO and wild-type mice were weighed, and their regular rodent chow was replaced with Adjusted Calories Diet (42% fat) from Harlan Teklad (Madison, WI) (88137). The weight of the high-fat chow was recorded and food consumption, and mouse weight was determined for individual mice on a weekly basis for 16 weeks.
MicroPET Studies. For microPET imaging, cohorts of 8-week-old male wild-type and Par-1b null mice were repetitively imaged once a week for four consecutive weeks, each time under a different condition. Mice were either fasted overnight or allowed access to standard rodent chow (nonfasted). The next morning, either 0.5 unit/kg insulin (Humulin N) (Eli Lilly, Indianapolis, IN) or saline was administered to mice by IP injection. Thirty minutes after the IP injection, mice were lightly anesthetized with isoflurane followed
